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(54) Vacuum Pump 

(57) Vibrations generated by a vacuum pump are 
prevented from propagating to external equipment such 
as an electron microscope. A casing (a separate casing 
portion and a casing main body) that houses a stator, 
stator blades, a rotor portion, and rotor blades as an ex- 
haust function portion is connected to an inlet port por- 
tion in which an inlet port for sucking in a gas from the 
outside is formed, through an elastic member. A suction 
space between the casing and the inlet port portion is 
sealed by bellows cylinder sealing means, and motion 
regulating members which regulate the amount of sep- 
aration between the inlet port portion and the casing, 
and change shape due to relative motion between the 
two, are formed between the inlet port portion and the 
casing. The elastic member can maintain an appropriate 
amount of elastic force by means of the motion regulat- 
ing members, good vibration reducing characteristics 
can be obtained at all times, and the propagation of vi- 
brations to external equipment and the like, causing loss 
of function and endurance of the equipment, can be pre- 
vented. Further, plastic deformation and breakage of the 
elastic member and the sealing member can be prevent- 
ed, and in addition, the vacuum pump can be prevented 
from running wild due to a sudden accident. 
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Description 

[0001] The present invention relates to a vacuum 
pump that is connected to equipment such as an elec- 
tron microscope, or a container, and used for sucking in 
a gas from the equipment. 

[0002] Conventionally, vacuum pumps used for evac- 
uating a gas from equipment such as an electron micro- 
scope, from a container, or the like possess an inlet port 
portion having an inlet port formed on one end of a cas- 
ing that houses an evacuation function portion, and an 
exhaust port portion formed on the other end. The inlet 
port portion is connected to external equipment or the 
like through piping or the like, and a gas from the outside 
is introduced to the inside of the casing from the inlet 
port portion. The following may be given as an example 
of the exhaust function portion housed in the inside of 
the casing: a rotor portion and a stator portion may be 
disposed, and an outer circumferential surface of one of 
the rotor portion and the stator portion may be arranged 
as opposing an inner circumferential surface of the other 
portion, forming a gas transport portion for transporting 
a gas between the rotor portion and the stator portion. 
The rotor portion may then be made to rotate by a driving 
means such as a motor, and a gas from the outside may 
be sucked in by transporting the gas in the gas transport 
portion to the exhaust side. With turbo molecular pumps, 
one type of vacuum pump, stator blades that project out 
toward the rotor portion are provided in the stator por- 
tion, for example. On the other hand, rotor blades that 
project out between the stator blades are provided in the 
rotor portion. Gas molecules are hit by the rotating rotor 
blades, and transported. Furthermore, screw threads 
are formed on one circumferential surface from among 
mutually opposing circumferential surfaces of a rotor 
portion and a stator portion in screw thread type pumps. 
Gas is transported due to rotation of a rotor, utilizing the 
viscosity of the gas. Further, there are also turbo molec- 
ular pumps that combine these two types. 
[0003] Gas suction force is obtained by rotationally 
driving the rotor portion with the aforementioned vacu- 
um pumps, and not a small amount of vibration is gen- 
erated along with the rotation. The vibration propagates 
from the casing to the external equipment through the 
inlet port portion, the piping, and the like. Functionality 
and endurance of the external equipment is adversely 
affected due to the vibration. For example, there is a 
large influence on microscopic images in an electron mi- 
croscope due to even a minute amount of vibration. Var- 
ious types of measurements for improvements have 
been developed in order to prevent these vibrations 
from propagating from the vacuum pump to the external 
equipment and the like. For example, an improved vac- 
uum pump was proposed in Japanese Utility Model Ap- 
plication 58-119648. This vacuum pump is character- 
ized in that an inlet port portion that is a portion for con- 
necting to an apparatus is separated from a casing, and 
the inlet port portion is coupled to the casing through an 



elastic member and sealing means, thus reducing the 
propagation of vibrations from the vacuum pump body 
to the apparatus, l-urther, a rubber member and an G- 
ring or a bellows can be given as the elastic member 
5 and the sealing means, respectively. 

[0004] However, there are problems such as the fol- 
lowing with conventionally improved vacuum pumps. 

1-1 Piping or the like on the vacuum pump is in a 
10 hanging state when connected to external equip- 
ment, and therefore, the weight of the vacuum 
pump except for the inlet port portion acts on the 
elastic member and the bellows, generating perma- 
nent deformation in the elastic member and the bel- 
15 lows, if the inlet port portion is connected to an ap- 
paratus. In the worst case, there is a fear that frac- 
ture will occur, and therefore a supporting means 
for supporting the vacuum pump, except for the inlet 
port portion, from the outside is necessary. 
20 1-2 During vacuum pump operation, if the rotating 
body breaks and an overly large load acts on the 
vacuum pump body due to causes such as impacts 
and vibration from the outside, creep and corrosion 
of the rotating body, and the mixing in of foreign mat- 
25 ters from the apparatus to the inside of the vacuum 
pump, then the elastic member and the sealing 
means coupled to the inlet port portion and the vac- 
uum pump body (casing) may break, the airtight- 
ness of the inside of the vacuum pump may be 
30 harmed, the connection of the vacuum pump body 
to the apparatus may be lost, and there is a fear that 
this may cause the vacuum pump to run wild, lead- 
ing to a significant accident. 
1-3 For cases in which a rubber member is used as 
35 the elastic member, a compressive load is added to 
the rubber member by the pressure difference be- 
tween the inside and the outside of the vacuum 
pump. If this results in a state in which the rubber 
member is compressed too much, then the modulus 
40 of longitudinal elasticity and the modulus of trans- 
verse elasticity of the rubber member will become 
larger due to the properties of the rubber portion, 
and the vibration reducing characteristics will be de- 
teriorated. 

45 

[0005] With the aforementioned circumstances as a 
background, an object of the present invention is to pro- 
vide a vacuum pump capable of satisfactorily maintain- 
ing the vibration reducing characteristics of an elastic 
so member, capable of preventing fracture and damage to 
the elastic member and to a sealing member, and in ad- 
dition, able to prevent accidents from happening due to 
the pump running wild. 

[0006] In order to achieve the above-mentioned ob- 
55 ject, according to claim 1 of the present invention, there 
is provided a vacuum pump including a casing for hous- 
ing an exhaust function portion, and an inlet port portion 
provided with an inlet port for sucking in a gas from out- 
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side and connected to the casing so that the gas is trans- 
ported to the exhaust function portion through the inlet 
port, characterized in that: the inlet port portion and the 
casing are connected through an elastic member with a 
gap, and an inlet space formed therebetween is sealed 5 
by sealing means; and a motion regulating member for 
regulating the separation distance that varies in accord- 
ance with a relative motion of the inlet port portion and 
the casing, is provided between the inlet port portion and 
the casing . 

[0007] According to claim 2 of the present invention, 
in the vacuum pump according to claim 1, there is pro- 
vided a vacuum pump characterized in that: the sealing 
means is made up of a bellows cylinder; and two ends 
of the cylinder are fixed to the inlet port portion and the 
casing, respectively, so that suction space between the 
inlet port and the casing is surrounded by a cylinder wall 
thereof . 

[0008] According to claim 3 of the present invention, 
in the vacuum pump according to claim 1 or 2, there is 
provided a vacuum pump characterized in that the mo- 
tion regulating member regulates a separation distance 
between the inlet port portion and the casing so that it 
is equal to or less than a set value. 
[0009] According to claim 4 of the present invention, 
in the vacuum pump according to any one of claims 1 
to 3, there is provided a vacuum pump characterized in 
that the elastic member is made up of a cylindrical shape 
rubber member disposed coaxially in an outer circum- 
ference of the bellows cylinder. 

[0010] According to claim 5 of the present invention, 
in the vacuum pump according to any one of claims 1 
to 4, there is provided a vacuum pump characterized in 
that: the elastic member is made up of a rubber member; 
and the rubber member has a quality of material and a 
shape so that the Young's modulus E, and an active area 
A of a compressive load P, which acts on the rubber 
member due to a pressure difference between an inside 
and an outside of the vacuum pump when the vacuum 
pump is operating, satisfy a formula as follows: 

At/t = P/(E A) < 0.5, 

where t denotes the thickness of the rubber mem- 
ber in the compression direction, and At denotes an 
amount of contraction in a thickness direction of the rub- 
ber member that develops due to the compressive load 
P acting on the rubber member. 

[0011] According to claim 6 of the present invention, 
in the vacuum pump according to any one of claims 1 
to 5, there is provided a vacuum pump characterized in 
that the motion regulating member regulates a separa- 
tion distance between the inlet port portion and the cas- 
ing so that it is equal to or less than a set value. 
[0012] According to claim 7 of the present invention, 
in the vacuum pump according to any one of claims 1 
to 6, there is provided a vacuum pump characterized in 



that the motion regulating member regulates the sepa- 
ration distance between the inlet port portion and the 
casing so that it is equal to or more than the set value. 
[0013] According to claim 8 of the present invention, 
in the vacuum pump according to any one of claims 1 
to 7, there is provided a vacuum pump characterized in 
that the motion regulating member has a latching portion 
that is fixed to one of the inlet port portion and the casing 
and that regulates an additional relative motion of the 
inlet port portion and the casing by being latched togeth- 
er with another portion thereof in accordance with the 
spacing position therebetween. 

[0014] According to claim 9 of the present invention, 
in the vacuum pump according to any one of claims 1 
to 8, there is provided a vacuum pump characterized in 
that the motion regulating member is provided with a 
floating shaft portion that is fixed to the one of the inlet 
port portion and the casing and passes freely through a 
through-hole formed in the another portion thereof, and 
a latching head portion having a size that exceeds that 
of the through-hole formed on a tip side of the through- 
hole of the shaft portion. 

[001 5] According to claim 1 0 of the present invention, 
in the vacuum pump according to any one of claims 1 
to 9, there is provided a vacuum pump characterized in 
that the motion regulating member is composed of an 
opposed abutting portions that are formed so as to face 
the inlet port portion and the casing, respectively, with 
a predetermined distance spaced apart from each other. 
[001 6] According to claim 1 1 of the present invention, 
in the vacuum pump according to any one of claims 1 
to 10, there is provided a vacuum pump characterized 
in that the motion regulating member passes through 
the elastic member. 

[001 7] According to claim 1 2 of the present invention, 
in the vacuum pump according to any one of claims 1 
to 11, there is provided a vacuum pump characterized 
in that: the inlet port portion is provided with a protective 
net covering an opening portion of the inlet port; and the 
protective net is made up of a magnetic member. 
[001 8] According to claim 1 3 of the present invention, 
in the vacuum pump according to any one of claims 1 
to 12, there is provided a vacuum pump characterized 
in that the casing is made up of a magnetic member. 
[0019] Namely, in accordance with the vacuum pump 
recorded in claim 1, plastic deformation of and damage 
to the elastic member and the sealing member are pre- 
vented by the motion regulating member, the elastic 
member can maintain a proper amount of elastic force, 
and good vibration reducing characteristics can be dis- 
played. Vibrations generated by a bearing portion or a 
motor portion can therefore be reduced by the elastic 
member, and this can effectively prevent vibrations from 
propagating to external equipment, containers, and the 
like, preventing damage to the functionality of the exter- 
nal equipment and preventing damage to their endur- 
ance. Further, along with the increase in the equipment 
endurance, the vacuum pump can be prevented from 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 270 949 A1 



6 



running wild due to sudden accidents. 
[0020] Note that although a turbo molecular pump is 
preferably applied as the vacuum pump of the present 
invention in order to make a high vacuum in external 
equipment and the like, the present invention is not lim- 
ited to the turbo molecular pump. There are therefore 
no particular limitations placed on the structure of the 
exhaust function portion of the vacuum pump. Further, 
although a large effect is exhibited for cases in which 
the vacuum pump of the present invention is used for 
electron microscopes whose functionality is particularly 
influenced by vibration, the present invention is not lim- 
ited to being used as such. It is possible to apply the 
present invention to a variety of uses. 
[0021] Furthermore, provided that the exhaust func- 
tion portion can suck in a gas from the external equip- 
ment or the like, creating a vacuum state, there are no 
limitations placed on the structure of the exhaust func- 
tion portion as stated above with the present invention. 
For example, a positive displacement type may be used, 
and a turbo type may also be used. 
[0022] Taking as an example the exhaust function 
portion of the turbo molecular pump that is one type of 
vacuum pump, one provided with a rotor portion, a stator 
portion that along with the rotor portion forms a portion 
for transporting a gas, a magnetic bearing for supporting 
the rotor portion in the thrust direction and in the radial 
direction with respect to the stator portion, and a motor 
portion for rotating the rotor portion with respect to the 
stator portion. 

[0023] A casing houses the exhaust function portion, 
maintains the airtightness of its inside portion, is coupled 
to an inlet port and an outlet port, and also satisfies a 
function as a passageway for transporting a gas. 
[0024] Various materials can be utilized as the elastic 
member, and rubber members having high heat resist- 
ance characteristics, for example silicone rubber and 
fluorine rubber, can be given as suitable materials. The 
reason that it is desirable to use materials having high 
heat resistance characteristics is that, in order to in- 
crease the vacuum level within the vacuum pump, a 
baking heater is attached to the vacuum pump, heating 
the inside, and the vacuum pump becomes warmer due 
to frictional heat that develops between the rotating 
blades and the exhausted gas during vacuum pump op- 
eration, heat generated by the magnetic bearing and a 
motor, and the like. With a rubber material having low 
heat resistance characteristics, its elasticity drops and 
its vibration reducing characteristics are deteriorated. 
[0025] Further, the elastic member is not limited to the 
aforementioned rubber member, and a spring member 
and a gel member that is made up of a gel material may 
also be used. Leaf springs, coil springs, and coned disk 
springs can be given as spring members, gel members 
and the like made up of a gel material such as silicone 
can be given as gel members. 

[0026] Note that, as stated in claim 4, it is desirable 
that the elastic member be a cylindrical shape disposed 



concentrically on the outer circumference of a bellows 
cylinder. This is because a compressive load is gener- 
ated by the gas pressure difference between the inside 
and the outside of the vacuum pump during vacuum 

5 pump operation. To ensure that permanent deformation 
does not develop in the rubber member even if the com- 
pressive load also acts on the rubber member, conven- 
tionally, the quantity of the rubber members has to be 
increased in order to make the compressive load acting 

10 per one rubber member smaller. The number of compo- 
nents and the number of assembly processes for the 
vacuum pump are increased, and the cost of the vacu- 
um pump is increased. By making the elastic member 
into a cylindrical shape as stated above, the quantity of 

15 rubber members can be reduced, and it becomes pos- 
sible to reduce the number of components and assem- 
bly processes for the vacuum pump, and to lower the 
cost of manufacturing the vacuum pump. Further, the 
compression load and the like can be received uniformly 

20 by the elastic member, and the vibration reducing char- 
acteristics become very effective. 
[0027] In addition, it is desirable that the rubber mem- 
ber have material properties and a shape such that its 
Young's modulus E, and an active area A over which a 

25 compressive load P acts on the rubber member due to 
the pressure difference between the inside and the out- 
side of the vacuum pump during vacuum pump opera- 
tion, satisfy the aforementioned formula. The Young's 
modulus does not increase greatly, even if the compres- 

30 sive load acts on the rubber material during vacuum 
pump operation, if the rubber material satisfies these 
conditions, and therefore the elastic member displays 
good elastic characteristics, and excellent vibration re- 
ducing characteristics can be obtained. 

35 [0028] Further, the inlet port portion that has the inlet 
port is connected to the casing through the elastic mem- 
ber, and it becomes possible to absorb vibrations by 
elastic deformation of the elastic member due to the dis- 
tance from the casing. The distance between the inlet 

40 port portion and the casing normally follows the suction 
direction. 

[0029] A suction space formed between the inlet port 
portion and the casing is maintained in an airtight man- 
ner by sealing means. The elastic member may be also 

45 used as the sealing means, and another member maybe 
used. Note that it is desirable that the sealing means 
have as low a vibration transmissibility as possible. As 
stated in claim 2, the bellows cylinder can be shown to 
be optimal as the sealing means. With the cylinder, the 

50 suction space can be maintained in an airtight manner 
by the cylinder walls in accordance with the cylinder sur- 
rounding the suction space. The bellows cylinder easily 
undergoes elastic deformation with the aforementioned 
vibrations, and also acts to absorb a portion of the vi- 

55 bration. 

[0030] In order to maintain airtightness, the bellows 
cylinder is connected to the inlet port portion and the 
casing by welding or the like. However, on the casing 
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side, the casing is large, and therefore the welding work- 
ability, the transport efficiency after welding and the dis- 
assembly and assembly characteristics of the vacuum 
pump after welding are deteriorated, and this easily in- 
vites an increase in the cost of manufacturing the vac- 5 
uum pump as a result. Therefore, as stated in claim 3, 
it is desirable that a separate casing portion, to which 
the elastic member and the sealing means are attached, 
be separated from a casing main body within which the 
exhaust function portion is housed. The attachment of 
the bellows cylinder thus becomes easy to perform, the 
transport efficiency after welding and the disassembly 
and assembly characteristics after welding are in- 
creased, and it becomes possible to reduce the manu- 
facturing cost. The casing main body and the separate 
casing portion, which are separated, are coupled in an 
airtight manner through an O-ring or the like. 
[0031 ] In addition, the inlet port portion and the casing 
move relative to each other with the present invention, 
and a motion regulating member for regulating the 
amount of change in the distance of separation between 
the two is formed between the inlet port portion and the 
casing. Relative motion between the two is as follows: 

(1 ) The inlet port portion and the casing are normally 
in a state of hanging down when connected to ex- 
ternal equipment, and the lower positioned casing 
moves downward due to its own weight. 

(2) During vacuum pump operation, the casing is 
pulled over to the inlet port portion side due to the 
gas pressure difference between the inside and the 
outside of the vacuum pump, thus moving. 

(3) There is a concern that the elastic member or 
the sealing means coupling the inlet port portion 
and the casing may be destroyed due to a sudden 
accident, and thus the vacuum pump may run wild. 

[0032] With the present invention, the motion condi- 
tions are assumed, and the amount of change of the 
separation distance between the inlet port portion and 
the casing is regulated in concert with at least one of the 
motion conditions. 

In the (1) case, the maximum amount of separation is 
limited as stated in claim 6 so that an excess tensile 
force does not reach the elastic member. The amount 
of downward motion of the casing is thus limited, the 
elastic member can be prevented from receiving an un- 
necessary load, damage to the endurance and the de- 
velopment of permanent deformation can be prevented, 
and in addition, the elastic member can be prevented 
from fracturing. Further, an excess tensile load will not 
act in the axial direction on a sealing member of the bel- 
lows cylinder and the like, the bellows cylinder and the 
like can be prevented from undergoing plastic deforma- 
tion, reducing its vibration reducing characteristics, and 
breaking, and the airtightness of the inside of the vacu- 
um pump can be prevented from being lost. Further, it 
becomes unnecessary to support the vacuum pump 



from the outside. 

In the (2) case, the minimum amount of separation is 
limited as stated in claim 7 so that an excess compres- 
sive force does not reach the elastic member. The 
amount of upward motion of the casing is thus limited, 
a compressive permanent deformation can be prevent- 
ed from developing in the elastic member, and in addi- 
tion, compressive breakage can be prevented. Further, 
an excess compressive load will not act in the axial di- 
rection on the sealing member of the bellows cylinder 
and the like, the bellows cylinder and the like can be 
prevented from undergoing plastic deformation, reduc- 
ing its vibration reducing characteristics, and breaking, 
and the airtightness of the inside of the vacuum pump 
can be prevented from being lost. 
In the (3) case, the amount of motion of the inlet port 
portion, and the amount of motion of the casing are lim- 
ited as stated in claim 6 so that separation between the 
two is prevented. It is thus possible to prevent the elastic 
member and the sealing means from being damaged, 
the airtightness of the inside of the vacuum pump from 
being lost, the connection of the vacuum pump main 
body to an apparatus from being released, and the vac- 
uum pump from running wild, leading to a serious acci- 
dent, even if a rotating body breaks and an excess force 
acts on the vacuum pump. The limitation of the afore- 
mentioned (1) can also be utilized for the (3) case. 
[0033] There are no particular limitations placed on 
the structure of the motion regulating member, provided 
that it is a structure in which at least one of the above- 
stated actions is obtained. The motion regulating mem- 
ber may accomplish one of the aforementioned plurality 
of actions, and further, a plurality of motion regulating 
members may be formed, accomplishing the respective 
actions. 

[0034] The following may be given as an example of 
the motion regulating member. A motion regulating 
member is fixed to one location, either the inlet port por- 
tion or the casing, and have a latching portion that is 
latched together with the other location of the inlet port 
portion and the casing portion, as stated in claim 8, for 
regulating the additional relative motion between the in- 
let port portion and the casing in accordance with the 
separated positions of the two. 

[0035] Specifically, the motion regulating member 
may be one that is fixed to one location, either the inlet 
port portion or the casing, as stated in claim 9, and is 
provided with a floating shaft portion that passes freely 
through a through-hole formed in the other location, and 
a latching head portion having a size that exceeds the 
through-hole formed on a tip side of the through-hole of 
the shaft portion. The motion regulating member has a 
bolt shape, for example it may be screwed into a screw 
hole formed in the casing and thus fixed, and the head 
portion may be positioned in the upper portion of the 
through-hole of the inlet port portion and utilized as the 
latching head portion. 

[0036] Motion with respect to the aforementioned (1) 
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and (3) can be controlled in accordance with the above- 
stated structure. The space required in order to attach 
the motion regulating member to the inlet portion and 
the casing can be made smaller in accordance with the 
motion regulating member passing through the elastic 
member, and the vacuum pump can be made small size. 
[0037] As stated in claim 10, a motion regulating 
member having opposed abutting portions opposed 
abutting portions opposing the inlet port portion and the 
casing, respectively, opening a predetermined distance 
between the two, can be given as another motion regu- 
lating member. In accordance with this member, if the 
amount of separation distance between the inlet port 
portion and the casing is reduced to a set value then the 
abutting members contact each other, and the inlet port 
portion and the casing are prevented from approaching 
any closer to each other. An excess compressive force 
can be prevented from being applied to the elastic mem- 
ber and the sealing member, plastic deformation and 
breakage can be prevented, and a loss in the vibration 
reducing characteristics can be prevented. Note that the 
opposed abutting portions may be fixed to the inlet port 
portion and the casing by welding, being screwed in, or 
the like, and further, may also be formed as integrated 
with the inlet port portion and the casing, respectively. 
[0038] Furthermore, the motion regulating member 
can be disposed so as to pass through the elastic mem- 
ber, as stated in claim 11 . An extra space needed to dis- 
pose the motion regulating member is thus not neces- 
sary, and size reduction of the vacuum pump becomes 
possible. 

[0039] Further, the inlet port portion may be provided 
with a protective net covering an opening portion of the 
inlet port portion in order to prevent foreign matters from 
mixing into the inside portion of the vacuum pump from 
external apparatuses and the rotation blades from being 
damaged, as stated in claim 12, and it is desirable that 
the protective net be made up of a magnetic material 
such as permalloy. Magnetic flux that leaks upward in 
the axial direction of the rotor portion from the motor in- 
side the vacuum pump, the magnetic bearing, or the like, 
is thus restricted within the protective net, and magnetic 
flux does not leak out to the external equipment. The 
performance, reliability, lifetime and the like of the ex- 
ternal equipment can therefore be prevented from being 
deteriorated. The protective net may cover a portion of 
the opening portion, but it is desirable that it cover the 
entire opening portion in order to reliably achieve the 
aforementioned effect. Further, the protective net may 
be made up of wire rods of a magnetic material such as 
permalloy, and may also be manufactured by etching a 
sheet material of the magnetic material. It is desirable 
that the magnetic member be a ferromagnetic sub- 
stance such as permalloy. 

[0040] Furthermore, the casing may be made up of a 
magnetic member such as permalloy, as stated in claim 
13. Magnetic flux that leaks toward the radial direction 
of the rotor portion from the motor inside the vacuum 



pump, the magnetic bearing, or the like, is thus restricted 
within the casing, and magnetic flux does not leak out 
to the external equipment. The performance, reliability, 
lifetime and the like of the external equipment can there- 
5 fore be prevented from being deteriorated. It. is desira- 
ble that the magnetic member also be a ferromagnetic 
substance such as permalloy, similarly to the protective 
net. 

[0041 ] Embodiments of the present invention will now 
w be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig, 1 is a frontal cross sectional diagram showing 
an embodiment mode of a vacuum pump of the 
15 present invention. 

Fig. 2 is an enlarged cross sectional diagram show- 
ing an inlet port and a separate casing portion of the 
embodiment of the vacuum pump of the present in- 
vention. 

20 Fig. 3 is a rear view diagram showing the inlet port 
of Fig. 1. 

[0042] An embodiment mode of the present invention 
is explained below based on attached figures. 

25 [0043] Fig. 1 is a longitudinal cross sectional diagram 
showing an entire structure of a turbo molecular pump 
as an embodiment mode of a vacuum pump of the 
present invention, Fig. 2 is an enlarged cross sectional 
diagram of a periphery of an inlet port portion, and Fig. 

30 3 is a rear view diagram of the inlet port portion periph- 
ery. 

[0044] A vacuum pump (turbo molecular pump) of this 
embodiment mode has a cylindrical shape inlet port por- 
tion 1 formed connecting to an external container, in 
35 which an inlet port 1c is formed in order to suck in a gas 
from within the external container, a separate casing 
portion 3 made up of a different body than the inlet port 
portion 1 and formed as an external cylinder portion for 
connecting to one end of the inlet port portion 1 , and a 
40 cylindrical shape casing main body 4 structuring a cas- 
ing together with the separate casing portion 3. 
[0045] The inlet port 1 is made from stainless steel 
and an attachment portion 1a extends outwards in the 
radial direction on top of the inlet port portion 1 . The at- 
45 tachment portion 1 a is fixed to a periphery portion of an 
exhaust port of an external container. Further, there is 
a flange shape on the bottom, and a portion to be sup- 
ported 1 b is formed in a circumferential end portion. The 
portion to be supported 1 b is placed between the attach- 
so ment portion 1 a and the separate casing portion 3, in an 
axial direction of the separate casing portion 3, and is 
disposed above (on the external container side) an inlet 
port portion support portion 3b of the separate casing 
portion 3. 

55 [0046] The casing main body 4 similarly has a cylin- 
drical shape manufactured by stainless steel, and has 
a built-in exhaust function portion as described later. 
Note that the separate casing portion 3 and the casing 
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main body 4 are fixed by a bolt 9, sandwiching an O-ring 
8. 

[0047] A base 5 is coupled to the other end side of the 
casing 4 (the casing main body 4 is fixed to and sup- 
ported by the base 5), and along with the inlet port por- 5 
tion 1, the separate casing portion 3, and the casing 
main body 4, the base 5 forms a hollow portion coupled 
to the inside of the external container through the inlet 
port 1c. Further, an exhaust port portion 7, in which the 
exhaust port 6 for exhausting a gas within the hollow 
portion is formed, is attached to the base 5. 
[0048] Note that a protective net 2 that covers the en- 
tire opening portion of the inlet port 1 c is disposed in the 
inlet port portion 1 , and that a circumferential end portion 
of the protective net 2 is fixed to the inlet port portion 1 
by a countersunk screw 2a. 

[0049] The protective net 2 is made up of a magnetic 
member such as permalloy. Foreign matters can thus 
be prevented from mixing into the inside portion of the 
vacuum pump from external apparatuses, and in addi- 
tion, magnetic flux that leaks upward in the axial direc- 
tion of a rotor portion from a motor inside the vacuum 
pump, a magnetic bearing, or the like, is thus restricted 
within the protective net 2. The magnetic flux can thus 
be prevented from influencing the external apparatuses. 
[0050] A bellows cylinder 1 0 is disposed between the 
inlet port portion 1 and the separate casing portion 3 so 
as to surround an suction space, and the ends of the 
bellows cylinder 1 0 are fixed by welding to the inlet port 
portion 1 and to the separate casing portion 3 respec- 
tively. Note that the bellows cylinder 10 is welded to the 
separate casing portion 3 which is much smaller than 
the casing main body 4, and therefore the welding pro- 
cedure can be performed efficiently, and equipment 
handling also becomes easy. 

[0051 ] Further, a cylindrical shape elastic member 1 1 
made from silicone rubber or fluorine rubber is disposed 
between the portior to be supported 1b of the inlet port 
portion 1 and the inlet port portion support portion 3b of 
the separate casing 3, coaxially with the bellows cylinder 
10. The end portions of the elastic member 11 contact 
the inlet port portion 1 and the separate casing portion 
3, respectively. The inlet port portion 1 and the separate 
casing portion 3 are therefore linked by the bellows cyl- 
inder 10 and the elastic member 11 . 
[0052] Note that the elastic member 1 1 is one in which 
the value of P/(EA) is less than 0.5, obtained by calcu- 
lating with the Young's modulus E of the elastic member 
and the active area A of a compressive load P which 
acts on the elastic member 11 due to the pressure dif- 
ference between the inside and the outside of the vac- 
uum pump during vacuum pump operation. That is, tak- 
ing an example of a case of using silicone rubber as the 
elastic member 11 , the compressive load is 2450 N, the 
Young's modulus E is 294 N/cm 2 , and the active cross 
sectional surface area A is 50 cm 2 , and the result of cal- 
culating as stated above becomes 0.16. 
[0053] Further, a floating shaft portion 15 is screwed 



into and fixed to the separate casing portion 3 as one of 
motion control means for regulating the amount of sep- 
aration between the inlet port portion 1 and the separate 
casing portion 3 to be within a predetermined range. A 
collar 16 is mounted to the outer circumference of the 
floating shaft portion 15. The floating shaft portion 15 to 
which the collar 16 is mounted passes freely through a 
through-hole 12 formed in the elastic member 11 along 
the axial direction of the cylinder, in addition, passes 
freely through a through-hole 20 formed in the inlet port 
portion 1 and has a latching head portion 17 further 
above the inlet port portion 1 . Note that reference nu- 
meral 1 8 shown in the figures denotes a washer, and 1 9 
denotes a flat washer. The latching head portion 1 7, the 
washer 18, and the flat washer 19 are formed having 
diameters larger than that of the through-hole 20, and 
the head portion 17, the washer 18, and the flat washer 
19 are stopped from passing through the through-hole 
20. Therefore, if the inlet port portion 1 and the separate 
casing portion 3 are further separated, and the amount 
of separation reaches a certain amount, then the head 
portion 17 hits an upper surface of the inlet port portion 
1, through the washer 18 and the flat washer 19, and 
the inlet port portion 1 and the separate casing portion 
3 are prevented from separating by a greater amount. 
[0054] Further, the opposed abutting portions 21 and 
22 are formed protruding from opposing surfaces in the 
axial direction (in the vacuum pump) of the inlet port por- 
tion 1 and the separate casing portion 3, respectively, 
as motion regulating members. By suitably determining 
the height by which the opposed abutting portions 21 
and 22 protrude, the opposed abutting portions 21 and 
22 will come into mutual abutment if the inlet port portion 
1 and the separate casing portion 3 approach each other 
and the amount of their separation drops to a certain 
amount. The inlet port portion 1 and the separate casing 
portion 3 are thus prevented from getting closer togeth- 
er. 

[0055] In addition, the casing main body 4 is provided 
with a stator portion 26, supported by the base 5 and 
housed within the hollow portion, which is a portion of 
an exhaust function portion, and a rotor portion 30 
housed within the hollow portion. 
[0056] % Further, the casing main body 4 is provided 
with magnetic bearing portions 36 and 37 for bearing 
the rotor portion 30 such that it is capable of rotating with 
respect to the stator portion 26, and a motor 35 which 
rotates the rotor portion 30, supported by the magnetic 
bearing portions 36 and 37, with respect to the stator 
portion 26 through a rotor shaft 30a. 
[0057] The rotor portion '30 has a cylindrical shape 
wall portion 32, and a plurality of rotor blades 33 are 
formed radially and in multiple stages in the axial direc- 
tion on the outer circumference of the cylindrical shape 
wall portion 32. The rotor blades 33 are inclined with re- 
spect to the axial direction at a predetermined angle so 
that the inlet port side (top side of the page) becomes 
the direction of rotation. 
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[0058] On the other hand, the stator portion 26 is pro- 
vided with stator blades 27 that are disposed between 
each stage of the rotor blades 33. The stator blades 27 
are inclined with respect to the axial direction at a pre- 
determined angle. Gas molecules are hit down to the 
exhaust port 6 side by the action of the rotor blades 33 
and the stator blades 27 when the rotor portion 30 is 
rotationally driven by the motor 35. 
[0059] A magnetic bearing for supporting the rotor 
portion 30 by magnetic force is a three-axle control mag- 
netic bearing, and the rotor shaft portion 30 is magnet- 
ically levitated in the radial direction (radial direction of 
the rotor shaft 30a) and supported without contact by 
the magnetic bearing portion 36. The rotor portion 30 is 
magnetically levitated in the thrust direction (axial direc- 
tion of the rotor shaft 30a) and supported without contact 
by the magnetic bearing portion 37. 
[0060] In the magnetic bearing portion 36, four radial 
direction electromagnets 40 are disposed in the periph- 
ery of the rotor 30a every 90 degrees so as to oppose 
each other (two are shown in the figures). The rotor shaft 
30a opposing the magnets is made up of a material hav- 
ing high magnetic permeability, and receives magnetic 
force from the electromagnets. 

[0061 ] A disk shaped metal disk 43 is fixed to a lower 
portion of the rotor shaft 30a by a magnetic material, 
and an axial direction electromagnet 41 is disposed on 
the metal disk 43 and fixed to the base 5. 
[0062] The rotor portion 30 is then magnetically levi- 
tated by supplying an excitation current to the radial di- 
rection electromagnet 40 and the axial direction electro- 
magnetic 41, respectively. 

[0063] Further, protective bearings 45 and 46 are dis- 
posed in upper portion and lower portion sides of the 
rotor portion 30 with the turbo molecular pump of this 
embodiment mode. 

[0064] The rotor portion 30 is normally supported ax- 
ially in a non-contact state by the magnetic bearings 
while rotating. The protective bearings 45 and 46 sub- 
stitute for the magnetic bearings for cases in which 
touchdown develops, supporting the rotor portion 30 ax- 
ially and thereby protecting the entire apparatus. 
[0065] Note that although the rotor portion 30 is sup- 
ported axially by the magnetic bearings in this embodi- 
ment mode, the support is not limited to these, and dy- 
namic bearings, static bearings, and other bearings may 
also be used. 

[0066] Operation of this embodiment mode is ex- 
plained next. 

[0067] The turbo molecular pump is fixed to the exter- 
nal container through the attachment portion 1a of the 
inlet port portion 1 , and driven by the motor 35. The rotor 
blades 33 rotate at high speed along with the rotor por- 
tion 30 due to the motor drive. Gas from the inlet port 1c 
is thus transported by the rotor blades 33 and the stator 
blades 27, and exhausted from the exhaust port 6. 
[0068] Vibrations are generated while the turbo mo- 
lecular pump is being driven due to imbalances of the 
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rotor portion 30, cogging of the motor 35, and other 
causes. The vibrations are propagated to the casing 
main body 4 and the separate casing poriiun 3. 
[0069] Further, in such a case where a back pump is 
5 connected to the exhaust port portion 7 of the turbo mo- 
lecular pump, vibrations and the like from the back pump 
propagate similarly to the casing main body 4 and the 
separate casing portion 3 through connection piping and 
the like. 

10 [0070] If the vibrations are transmitted from the sep- 
arate casing portion 3 to the elastic member 11 and the 
bellows cylinder 10, the vibrations are greatly attenuat- 
ed by elastic deformation of the elastic member 11 and 
the bellows cylinder 10, after which the vibrations are 

15 transmitted to the inlet port portion 1 . 

[0071] As described above, the inlet port portion 1 
formed as a separate body from the casing is supported 
by the elastic member 1 1 and the bellows cylinder 1 0 in 
this embodiment mode, and therefore vibrations devel- 

20 oping in the magnetic bearings due to the motor on the 
inside of the pump and due to imbalances in the rotor 
portion 30, vibrations due to external factors such as vi- 
brations propagating from the back pump or other mem- 
bers during turbo molecular pump operation, and the 

25 like are all attenuated by the elastic member 11 and the 
bellows cylinder 1 0, after which the vibrations propagate 
to the inlet port portion 1 . As a result, propagation to 
external containers and the like is reduced, and vibration 
of the external containers and the like can be sup- 

30 pressed. 

[0072] Further, displacement with respect to the cas- 
ing of the inlet port portion 1 is restricted within a prede- 
termined range by the motion regulating member in this 
embodiment mode, and therefore deformation of the 

35 elastic member 11 and the bellows cylinder 10 can be 
contained within the elastic deformation range showing 
good vibration reducing characteristics, and excellent 
vibration reducing characteristics can be displayed at all 
times. Further, the elastic member 11 and the bellows 

40 cylinder 10 can be prevented from plastic deformation 
and the like to prevent breakage, and damage to endur- 
ance. 

[0073] In addition, it is difficult for the inlet port portion 
1 to separate from the casing even if a large load acts 
45 due to breakage of the rotor portion during rotation or 
the like, the danger that the turbo molecular pump will 
run wild is reduced, and it becomes possible to ensure 
a high level of safety. 

[0074] Note that although the vacuum pump is a turbo 
so molecular pump providedwith the rotor blades and the 
stator blades in this embodiment mode, there can also 
be used a screw thread type pump, in which the rotor 
main body or the stator main body is given screw 
threads and a gas is transported by rotating the rotor 
55 portion and utilizing the viscosity of the gas, and a com- 
pound pump of the turbo molecular pump and the screw 
thread type pump. 

[0075] Further, the floating shaft portion having the 
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latching head portion and the a butting member are ex- 
plained as the motion regulating member in this embod- 
iment mode, but there is no need to limit the structure 
and the shape of the motion regulating member to such 
in the present invention. In addition, a rubber member 
is explained as the elastic member, and a bellows cyl- 
inder is explained as the sealing member in this, em- 
bodiment, but similarly to what is stated above, the 
structure and the material properties of the elastic mem- 
ber and the sealing member are not limited to such. 
[0076] As explained above, in accordance with the 
vacuum pump of the present invention, vacuum pump 
includes the casing for housing the exhaust function por- 
tion, and the inlet port portion provided with the inlet port 
for sucking in the gas from outside and connected to the 
casing so that the gas is transported to the exhaust func- 
tion portion through the inlet port, inlet port portion and 
the casing are connected through the elastic member 
with the gap, and the inlet space formed therebetween 
is sealed by sealing means; and the motion regulating 
member for regulating the separation distance that var- 
ies in accordance .with the relative motion of the inlet 
port portion and the casing, is provided between the inlet 
port portion and the casing. The elastic member there- 
fore maintains an appropriate amount of elastic force, 
good vibration reducing characteristics can be obtained, 
and the function and endurance of external equipment 
and the like can be prevented from being lost. Further, 
plastic deformation and breakage of the elastic member 
and the sealing member are prevented, equipment en- 
durance is increased, and the vacuum pump can be pre- 
vented from running wild due to a sudden accident. 



Claims 

1. A vacuum pump comprising: 

a casing for housing an exhaust function por- 
tion; 

an inlet port portion provided with an inlet port 
for sucking in a gas from outside and connected 
to the casing so that the gas is transported to 
the exhaust function portion through the inlet 
port; wherein 

the inlet port portion and the casing are con- 
nected through an elastic member with a gap, 
and an inlet space formed therebetween is 
sealed by sealing means; and 
a motion regulating member for regulating the 
separation distance that varies in accordance 
with a relative motion of the inlet port portion 
and the casing, is provided between the inlet 
port portion and the casing. 

2. A vacuum pump according to claim 1 , wherein the 
sealing means is made up of a bellows cylinder; and 

two ends of the cylinder are fixed to the inlet 



port portion and the casing, respectively, so that 
suction space between the inlet port and the casing 
is surrounded by a cylinder wall thereof. 

5 3. A vacuum pump according to claim 1, wherein the 
casing is made up of a separate casing portion to 
which the elastic member and the sealing means 
are attached, and a casing main body in which the 
exhaust function portion is housed; and 
10 the separate casing portion and the casing 

main body are airtightly coupled to each other. 

4. A vacuum pump according to claim 1, wherein the 
elastic member is made up of a cylindrical shape 

15 rubber member disposed coaxially in an outer cir- 
cumference of the bellows cylinder. 

5. A vacuum pump according to claim 1 , wherein the 
elastic member is made up of a rubber member; and 

20 the rubber member has actuality of material 

and a shape so that the Young^modulu's E, and an 
active area A of a compressive load P, which acts 
on the rubber member due to a pressure difference 
between an inside and an outside of the vacuum 
25 pump when the vacuum pump is operating, satisfy 
a formula as follows: 

At/t = P/(E.A) < 0.5, 

30 

where t denotes the thickness of the rubber 
member in the compression direction, and At de- 
notes an amount of contraction in a thickness direc- 
tion of the rubber member that develops due to the 
35 compressive load P acting on the rubber member. 

6. A vacuum pump according to claim 1 , wherein the 
motion regulating member regulates a separation 
distance between the inlet port portion and the cas- 

40 jng so that it is equal to or less than a set value. 

7. A vacuum pump according to claim 1 , wherein the 
motion regulating member regulates the separation 
distance between the inlet port portion and the cas- 

45 ing so that it is equal to or more than the set value. 

8. A vacuum pump according to claim 1 , wherein the 
motion regulating member has a latching portion 
that is fixed to one of the inlet port portion and the 

50 casing and that regulates an additional relative mo- 
tion of the inlet port portion and the casing by being 
latched together with another portion thereof in ac- 
cordance with the spacing position therebetween. 

55 9. A vacuum pump according to claim 1, wherein the 
motion regulating member is provided with a float- 
ing shaft portion that is fixed to the one of the inlet 
port portion and the casing and passes freely 
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through a through-hole formed in the another por- 
tion thereof, and a latching head portion having a 
size that exceeds that of the through-hole formed 
on a tip side of the through-hole of the shaft portion. 

5 

10. A vacuum pump according to claim 1, wherein the 
motion regulating member is composed of an op- 
posed abutting portions that are formed so as to 
face the inlet port portion and the casing, respec- 
tively, with a predetermined distance spaced apart 10 
from each other. 

11. A vacuum pump according to claim 1, wherein the 
motion regulating member passes through the elas- 
tic member. 15 

12. A vacuum pump according to claim 1, wherein the 
inlet port portion is provided with a protective net 
covering an opening portion of the inlet port; and 

the protective net is made up of a magnetic 20 
member. 

13. A vacuum pump according to claim 1, wherein the 
casing is made up of a magnetic member. 
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